An increased glomerular filtration rate (GFR) is a typical feature of type 1 diabetic patients of short duration and it is also observed in type 2 diabetic patients. Although early elevation of the GFR plays a central role in the pathogenesis and progression of renal disease in experimental diabetes [1] , a clear evidence that glomerular hyperfiltration may contribute to the progression of kidney disease in humans is still lacking. Small cohort studies glycemia was related to hyperfiltration was confirmed by the reduction of GFR after improvement of glucose control in type 1 diabetic patients [7] . However, glomerular hyperfiltration remains a characteristic feature of kidney function for the first one or 2 decades of diabetes duration, even in type 1 diabetic patients with microalbuminuria [8] .
The larger increase in GFR than renal plasma flow (RPF) with increased filtration fraction suggests intraglomerular hypertension as an important factor in hyperfiltration [9] . The pathophysiological mechanism behind the increased GFR and RPF are still unclear. The renal autoregulation of GRF, in normal conditions, is provided by a myogenic mechanism and by tubule-glomerular feedback. With the myogenic mechanism, an increase in blood pressure stretches afferent arteriole in the glomerulus with a consequent arteriole constriction, which eventually leads to a restoration of normal GFR. At the same time, macula densa on distal tubule monitors tubular fluid and signals juxtaglomerular cells (smooth muscle, surrounds afferent arteriole) to constrict afferent arteriole to decrease GFR (tubulo-glomerular feedback).
It is important to note that total renal filtration (that is GFR) is affected by single nephron GFR and by the number of functioning glomeruli. Thus, when the number of functioning glomeruli is substantially decreased, the total GFR may be within the normal range or may even be decreased despite single glomerular hyperfiltration (this may be the case in older patients with type 2 diabetes). When the number of functioning nephrons is substantially reduced, hyperfiltration of residual functioning glomeruli may be further amplified by adaptive mechanisms (additional to those related to the tubular glomerular feedback) that are aimed at sustaining total GFR despite decreased nephron mass. This is a crucial issue, because hyperfiltration may contribute to the pathogenesis and progression of diabetic kidney disease and amelioration of glomerular hyperfiltration may be renoprotective even when total GFR is in the normal range or decreased [1] .
Based mainly on experiments in rodent models, glomerular and tubular theories have been advanced for the development of hyperfiltration in diabetes [9] . There is no doubt, however, that hyperglycemia plays a key role in glomerular hyperfiltration. Under chronic hyperglycemic conditions, the increased proximal glucose reabsorption by sodium glucose transporter-2 (SGLT-2) mediates the reabsorption of sodium and glucose and impairs the normal tubulo-glomerular feedback mechanism. This impairment leads to inadequate arteriole tone and increased renal perfusion [10] .
Another point to be noted is that hyperfiltration in diabetes is associated with nephromegaly [11] . One of the earliest structural changes in the diabetic kidney is the hypertrophy and hyperplasia of the cortical tubuli and concomitant renal enlargement. Although there is an increase in glomerular volume, most of the increase in cortical mass may be accounted for by hypertrophy of the proximal tubule. It had been suggested that tubular glucose reabsorption associated with hyperglycemia is a dominant driving force, leading to increased expression of growth factors like transforming growth factor β, vascular endothelial growth factor and insulin-like growth factor. In support, studies with the nonspecific SGLT inhibitor, phlorizin, and more recently with selective SGLT-2 inhibitor, empaglifozin, have shown that the inhibition of glucose reabsorption was able to attenuate renal hypertrophy associated with experimental diabetes [12] .
There is also a growing body of data suggesting that obesity-related glomerulopathy associated with ectopic lipid accumulation in the kidney may contribute substantially to nephromegaly and hyperfiltration independently of hyperglycemia [13] .
Whether renal hypertrophy is a predictor of renal disease progression in subject with diabetes is still unclear.
Hyperfiltration in Type 2 Diabetic Patients: Relation with Renal Disease Progression
Contrary to type 1 diabetes, the existence and prevalence of hyperfiltration in type 2 diabetes have presented contrasting reports. In several small studies from different groups, the prevalence of high GFR has varied from 0 to 45% in recently diagnosed patients [4] . The most likely factors responsible for the marked variability of these estimates are age, glycemic control, duration of diabetes and the method used for expressing GFR in obese patients.
In a well-conducted study including 194 Pima Indians with different stages of glucose tolerance, GFR was elevated at the onset of diabetes and remained so even at the microalbuminiuria stage. It declines progressively only after the development of macroalbuminuria. In this study, it is of note that GFR was already higher in patients with impaired glucose tolerance than in normal controls, suggesting the possibility that hyperfiltration may even precede the onset of diabetes. This finding strengthens the role of other factors beyond hyperglycemia, such as obesity and/or insulin resistance in affecting glomerular hemodynamics [14] . In the non-diabetic population, there is an age-related annual decrease in GFR of 1 ml/min/1.73 m 2 after the age of 40 years. In older patients with type 2 diabetes, hyperfiltration can be masked by this age-related decline in GFR. In a clinic-based cross-sectional study of 662 patients with type 2 diabetes, the overall prevalence of hyperfiltration was 7.4% without age correction and 16.6% after adjustment for age [15] .
A recent prospective observational long-term (median follow-up: 4 years) study evaluated GFR decline and renal disease progression in 600 type 2 diabetic patients with normo-or microalbuminuria identified from the outpatient clinics of our Diabetology Unit and other Diabetology Units in Italy and Slovenia. These patients were included in 2 trials conducted in cooperation with the IRCCS -Istituto di Ricerche Farmacologiche Mario Negri, which aimed to test the renoprotective effect of trandolapril or delapril in addition to intensified metabolic (HbA 1C <7%) and blood pressure (<120/80 mm Hg) control [5] . GFR was measured by ioexol e.v. every 6 months and the rate of GFR decline over time (GFR slope) was defined as the regression line between repeated GFR measurements and time. Patients who had a measured GFR at inclusion exceeding the upper limit of the normal range (120 ml/min/1.73 m 2 ) were a priori categorized as 'hyperfiltering'.
Ninety patients (15% of the study population) were hyperfiltering at inclusion.
Despite intensified therapy for blood pressure and glucose control, long-term GFR decline averaged 3 ml/min/1.73 m 2 per year, a decline 3-5 folds faster than that reported in the general population. Moreover, it was observed that more GFR reduction at 6 months predicted slower GFR decline on follow-up, independently of concomitant therapy with ACE inhibitors and level of initial albuminuria, whereas long-term GFR decline and progression to micro or macroalbuminuria were faster in subjects with persistent hyperfiltration as compared to non-hyperfiltering subjects and to those who had their hyperfiltration at inclusion ameliorated by intensified BP and metabolic control on follow-up.
The above differences in disease outcomes were associated with less effective blood pressure and metabolic control in those with persistent hyperfiltration, despite similar patterns of treatment in patients with or without persistent hyperfiltration.
In conclusion, this study in a large cohort of type diabetic patients showed that persistent glomerular hyperfiltration is an independent predictor of accelerated GFR decline and progression to micro-or macroalbuminuria, whereas amelioration of hyperfiltration appeared to be renoprotective. Although this was one of the largest and longer studies on GFR in type 2 diabetes, ad hoc studies are needed to assess whether glomerular hyperfiltration can be a specific target for renoprotective intervention.
Hyperfiltration: A Possible Therapeutic Role for SGLT-2 Inhibitors
The recent introduction of novel agents to inhibit SGLT-2 as a means to improve glucose controls has shown the potential for direct renoprotective action.
In a recent and elegant mechanistic study, Cherney et al. [16] have evaluated the effect of empaglifozin, an SGLT-2 inhibitor, on renal hyperfiltration in type 1 diabetic patients. Both during clamped eu-and hyperglycemia, they found that hyperfiltration was attenuated after empaglifozin treatment and this effect was accompanied by declines in NO and effective RPF and an increased renal vascular resistance. This particular pattern of renal hemodynamic function change was compatible with preglomerular vasoconstriction. In contrast, renal hemodynamic parameters remained unchanged in type 1 diabetic subjects with normal GFR, suggesting that tubule-glomerular feedback does not contribute significantly to the regulation of renal function in these individuals. Furthermore, by using the Gomez equations [17] to estimate glomerular hemodynamic function, the same group was able to demonstrate that hyperfiltering type 1 diabetic patients exhibited afferent vasodilation with a lower vascular resistance [18] . Moreover, empaglifozin treatment was able to increase vascular resistance of afferent arteriole and also reduce intraglomerulare pressure, with no effect on the resistance of the efferent arteriole.
The authors suggested that reducing pre-and postglomerular resistances with SGLT-2 inhibitors and RAS inhibitors, respectively, may synergistically contribute to reduce intraglomerular pressure, an effect that is expected to translate into more effective long-term renoprotection with combination therapy than with SGLT-2 and RAS inhibition monotherapy.
Although this renoprotective effect needs to be confirmed by controlled trials, the recent data form EMPA-REG OUTCOME trial showed that in patients with type 2 diabetes at high cardiovascular risk (the majority already treated with RAS inhibitors), empaglifozin was associated were a slower progression of kidney disease and lower rates of clinically relevant renal events than was placebo when added to the standard care [19] . 
Conclusions
Hyperfiltration is a typical feature of type 1 diabetic patients and type 2 diabetic patients. Although hyperglycemia is clearly involved in this hemodynamic abnormality, there is also increasing evidence that other factors such as obesity, insulin resistance and other metabolic factors associated with the metabolic syndrome may contribute both to hyperfiltration and nephromegaly.
Several clinical studies suggested a possible role of hyperfiltration as a causative factor in renal disease progression, although ad hoc studies are needed to assess whether glomerular hyperfiltration can be a specific target for renoprotective intervention.
Therapy with SGLT-2 inhibitors may correct hyperfiltration in diabetes and a recent clinical trial showed that they may contribute to reduce the progression of renal disease in type 2 diabetic patients.
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